This study aims to determine students' levels of understanding the concept of ecosystem and its elements. Data were collected from 47 seventh grade students attending 3 different middle schools via the worksheets entitled "Let's Create Our Own Ecosystem", which was developed by the researchers. The collected data were analyzed through the rubric developed by the researchers. The research results indicate that students understand the concept of ecosystem partially, and that although they are aware of the elements of ecosystem individually, they have limited cognition of and some misconceptions regarding the functions of these elements as well as their interactions with one another. To get rid of these problems, students should be made to comprehend that the ecosystem is a dynamic system, and that any change in one of its elements affects the entire system. Relationships between these elements should be presented to students on the basis of cause and effect relationships by providing concrete examples from the daily life.
Introduction
To ensure the protection of environment, value judgments should be developed for humanenvironment and human-nature relations in regard to natural beings, their habitats, and the continuity of their life styles (Özkan, 2008) . Teaching of ecological issues plays an important part in developing these value judgments for human-nature relations and displaying responsible behaviors (Pfundt & Duit, 2002; Özkan, Tekkaya & Geban, 2004) .
The most important ecological concept is ecosystem which refers to an ordered integrity of species existing in a particular area and abiotic environment. The ecosystem is also a system where energy and matter cycle takes place (Odum & Barrett, 2008) . The continuity of flow of energy and cycle of matter in the ecosystem points to habitable environment (Dinç & Özkaya, 2007) . However, it is difficult to learn the concept of ecosystem (Jordan, Gray, Demeter, Liu & Hmelo-Silver, 2009; Gallegos, Jerezano & Flores, 1994; Grotzer, 2009 ) . This is mainly because the ecosystem is a complicated system (Eilam, 2012; Hmelo-Silver, Marathe & Liu, 2007; Jordan et al., 2009 ). However, effective teaching of this comprehensive concept may allow students to know living and non-living worlds that surround them, interpret the relations between them, comprehend the elements of this system, and become aware that it must be protected. Therefore, it is important to determine how students construct the ecosystem in their minds and identify the misconceptions that hinder learning.
The literature review shows that students have some misconceptions about the functions of some organisms in the ecosystem (Arkwringht, 2014; Özkan et al., 2004; Palmer, 1999; Yörek, Uğurlu, Şahin & Doğan, 2010) besides the following misconceptions: the ecosystem consists of only living beings; living beings are more important than non-living beings (Brehm, Anderson & DuBay, 1986; Prokop, Tuncer & Kvasnicak, 2007; Yörek, et al., 2010) ; and the ecosystem has the same meaning as population, habitat, and community and refers to the relations between the living beings in the ecosystem (Adeneyi, 1985; Özkan, et al. 2004; Sander, Jelemenska & Kattmann, 2006) . Some studies indicate that students cannot understand that different species have unique needs and different effects on the ecosystem (Munson, 1994) . Previous studies also demonstrate that many students fail to comprehend the complicated relations in the ecosystem. For example, many students think that there is no interaction between living and non-living beings in the ecosystem (Adeneyi, 1985) or they think that there is a one-way relationship between the biotic and the abiotic elements of the ecosystem (Eilam, 2012; Sander et al., 2006) . Hogan (2000) found out that the responses of 11-year-old students about irregularities in the food web included one-way and linear relationships rather than complex, two-way, and cyclical relationships. Also, some studies put forward that students are not aware of the flow of energy among the living beings in the ecosystem and fail to understand the true flow of energy in the food chain (Arkwringht, 2014; Griffiths & Grant, 1985; Hogan, 2000; Özkan et al., 2004; Yörek et al., 2010) and for example, according to Yörek et al. (2010) , 9th grade students fail to understand feeding relationships in the ecosystem and just establish a linear cause and effect relationship between living beings (e.g. "the strong eats the weak"). According to some students who are in the 16 to 17 age group, there is always a biological balance in the nature. Balance is established again following a state of imbalance (Sander et al., 2006) . Similarly, some students cannot understand that any change in the elements of the ecosystem may affect the entire system and just believe that the living beings in the ecosystem can be affected by such change only if there is a food chain relationship with the element undergoing change (Arkwringht, 2014; Gotwals & Songer, 2010; Grotzer, 2009; Munson, 1994) . Gotwals and Songer (2010) determined that some of the 6th grade students have difficulties in explaining what might be impacts of deterioration on the ecosystem might be. According to Hogan (2000) the students thought that pollutants in the ecosystem are influential on an organism only when they are in direct with it, but they ignored their indirect influences. These misconceptions indicate that students cannot construct the concept of ecosystem in their cognitive structure truly and cannot comprehend this concept properly. .. Although the literature contains many studies which show the misconceptions about ecology (Adeneyi, 1985; Brehm et al., 1986; Griffiths & Grant, 1985 , Munson, 1994 Özkan et al., 2004; Ürey, Şahin & Şahin, 2011; Palmer, 1999; Prokop et al., 2007, etc.) , and which show the understanding of only one relation in the ecosystem (Arkwringht, 2014; Eilam, 2012; Gotwals & Songer, 2010) , there are only a limited number of studies dealing with students' levels of understanding the concept of ecosystem (Sander et al., 2006; Hogan, 2000; Yörek et. al., 2010) . While two of them focused on highschool students in the 15 to 17 age group (Sander et al., 2006; Yörek et al., 2010) , only one of them (Hogan, 2000) was conducted on middle school students at the age of 11. In this regard, the present study may fill a gap in the literature.
Studies dealing with the conceptual understanding and perception of ecology frequently employed the worksheets prepared based on the draw and explain protocol of White and Gunstone (1992) . In the primary school level, drawings are tools that frequently used to illustrate the stories that have been heard, read or written by the students in order to explain where they had visited, and the activities they had performed. Also, it is possible to determine the students' conceptual understanding related with the scientific subjects by the help of drawings (Rennie & Jarvis, 1995) . Students enjoy mostly drawings. Thus, drawings are powerful tools reduce the stress more than classical exams in order to evaluate students' success (Barraza, 1999) . Drawings also enable to students that have linguistic barriers for a better explanations of what they know (Chambers, 1983) . Even it is easy to collect and analyze data, it is obviously difficult to understand main ideas beneath the drawings (Rennie & Jarvis, 1995) . Furthermore, students who have different learning style may not reflect the understandings through drawings (Prokop & Francovicava, 2006) . In order to overcome these limitations, drawings should be explained by the students (Rennie & Jarvis, 1995) .
In the literature, there are some studies which bring out the conceptual understanding and perception of ecology through drawings. Some studies using such worksheets are Barraza (1999) that concentrated on the environmental perceptions of students in the 7 to 9 age group, Moseley, DesjeanPerrottaa and Utley (2010) that focused on the environmental perceptions and comprehension of preservice teachers; Alerby (2000) that addressed the environmental thoughts of students in the 7 to 16 age group, Judson (2011) that investigated the mental models of the seventh grade students about the surroundings of deserts, Shepardson, Wee, Priddy, and Harbor (2007) that examined the mental models of the 4th to 12th grade students concerning environment, Sheparson, Choi, Niyogi, and Charusombat (2011) and Sheparson, Niyogi, Choi, and Charusombat (2009) that searched the comprehension of the seventh grade students regarding greenhouse effect, global warming, and climate change, and Duan and Fortner (2005) that ascertained the perceptions of university students regarding local and global environmental problems. The present study has two differences from the above-mentioned studies in terms of the methodology employed. Firstly, the present study enabled students to express their responses through not only drawings but also poems and compositions. Secondly, this study, contrary to other studies, did not request students to explain their drawings. Instead, it included questions about the elements of the ecosystem. In this way, it was aimed to overcome limitations of the analyzing of the data collected through drawings. Almost all studies in the literature make a qualitative evaluation of the data obtained through drawings. The present study, on the other hand, employed the rubric developed by the researchers in order to evaluate the collected data, as in the study carried out by Moseley et al. (2010) .
In Turkey, the ecosystem is taught within the scope of various topics in science courses, but it is particularly handled in the 7th grade unit "Human-Environment Relations" (MEB, 2013) . This study aims to determine the middle school 7th grade students' (12 to 13 years old) levels of understanding the concept of ecosystem.
Method
In this study, case study design, which is one of the qualitative research design, was used and aimed to analyse single or multiple case in their own limitation holistically (Yıldırım & Şimşek, 2008) . Since there have been single case and single unit of analysis, this study is an holistic single-case design (Yin, 1994) .
Study group
The study group consisted of 47 seventh grade students attending 3 different public middle schools. 31(66%) of these students were female (%66), and 16 (34%) were male.
Data collection tool, and data collection process
The data were collected through the worksheets entitled "Let's Create Our Own Ecosystem" developed by the researchers. On the first page of the worksheet, the students were requested to draw the ecosystem or express it in a poem or a composition in the blank given. The second page of the worksheet contained the following 5 questions: With these questions, an attempt was made to ensure that the evaluation would not miss the points which the students were aware of although they failed to express them in their pictures, poems, or compositions. The worksheets were administered to the students after the unit "HumanEnvironment Relations" including the topic of ecosystem was taught. Worksheets were given to students as home study and they were collected back previous day.
The development of the rubric
In developing the rubric, the elements that are supposed to exist in the ecosystem were determined in the first place. Then the success criteria of the rubric were defined based on the acquisitions in the science curriculum. The success criteria were determined to be as follows: the living elements of the ecosystem; the non-living elements of the ecosystem; population and communities; relations in the ecosystem; and flow of energy in the ecosystem. Since matter cycle was not included in the acquisitions of the unit "Human-Environment Relations" taught in the middle school 7th grade, it was not included in the success criteria. Lastly, the levels of achievement were determined. The first 25 papers were subjected to preliminary evaluation in the above-mentioned version of the rubric. The statements causing trouble in evaluation were identified and corrected. In this way, the draft rubric was made ready for use.
Validity and reliability
The draft scale was submitted to one biology faculty member and two science education experts to receive their opinions. Expert opinions were received though an expert feedback from composed of closed-ended questions. The statements in this form were as follows:
It covers all the criteria regarding ecosystem. The content of each criterion is limited to its own purpose. It does not overlap with other criteria. Each criterion is clear and understandable. The levels of achievement are capable of reflecting the achievement differences between students.
The expert opinions showed that the success criteria of "living beings" and "flow of energy" overlapped. Thus, "living beings" was removed from the rubric. The corrected version of the scale was checked by the experts again. In this way, the rubric was finalized.
16 of the worksheets collected from the students were evaluated by a different expert. By this means, an attempt was made to determine whether or not the rubric was perceived by different graders in the same way. To this end, the Pearson's coefficient of correlation between the results of scoring carried out by two different experts was calculated. Correlation values were found to be high (r>0.70) ( Table 1 ). In addition, the first grader reevaluated the data 2 months later following the first evaluation. It was seen that correlation value was found to be high for the correlation between the two results of scoring conducted by the same grader (r>0.70) ( Table 1) . These values indicated that the rubric was reliable enough. 
Data analysis
Data analysis was carried out both quantitative and qualitative. Rubric was used in the quantitative analysis. The final version of the developed rubric included 4 success criteria ("the nonliving elements of the ecosystem", "population and communities", "relations in the eco-system", and "flow of energy in the ecosystem" and three levels of achievement (0 point, 15 points, and 25 points). The minimum score to be obtained by a student from a success criterion was 0, and the maximum to be obtained by him/her was 25. The minimum total score to be obtained was 0, and the maximum total score to be obtained was 100. Investigation of general distribution by means of the quantification of qualitative data, enables to see the general drift of the date more easily, quickly and unprejudiced (Miles & Huberman, 1994) . Also, it allows making comparison between themes (Yılmaz & Şimşek 2008) . After the quantitative evaluation was made, the worksheet of each student was qualitatively evaluated in terms of the themes of the non-living beings of the ecosystem, population and communities in the ecosystem, relations in the ecosystem, and flow of energy in the ecosystem.
Results
38 students (80.9%) expressed the ecosystem in picture, 8 (17%) in poem or composition, and 1 (2.1%) in both poem and picture. The lowest score achieved by the students was 15, and the highest score achieved by them was 100. The average score achieved by the students was 70.43. The evaluation of the results in terms of the success criteria indicated that the students obtained the highest score from "population and communities" ( =21.28) and obtained the lowest score from "flow of energy in the ecosystem" ( =12.23) ( Table 2) . The examination of the worksheets of the students showed that they depicted natural environments free from human impact rather than cities, fields, etc. created by human beings ( Figure  1 ). The worksheets including human life also gave coverage to natural environments (Figure 2 ). Few worksheets only highlighted city life (Figure 3) .
Figure 2. The Ecosystem Drawing of the Student Numbered 16

Şekil 3. The Ecosystem Drawing of the Student Numbered 6
The non-living elements of the ecosystem The first success criterion was the non-living elements of the ecosystem. The average score achieved by the students from this success criterion was 17.77 (Table 2) . 22 students (46.8%) highlighted both climatic elements (e.g. temperature, light, radiation) and non-climatic elements (e.g. soil, water, minerals) among the non-living elements of the ecosystem. 19 students (40.4%) highlighted either climatic elements or non-climatic elements. 6 students (12.8%) did not express any non-living element (Table 3) . A great majority of the students gave coverage to the non-living elements of ecosystem in their worksheets, but there were just a limited number of elements provided (Table 4) . While the climatic elements included most were sun and temperature (Figure 3) , the non-climatic elements included most were soil and water (e.g. lake, river) (Figure 1 and 2 ).
Population and communities
The second success criterion was population and communities. A great majority of the students (72.3%) included examples about population and communities in their worksheets (Table 5 , Figure 1 , Figure 2 , and Figure 3 ). 10 students (21.3%) gave examples for either population or Communities. 3 (6.4%) students gave no example (Table 5) . Relations in the ecosystem The third success criterion was "relations in the ecosystem". 24 students (51.1%) highlighted both the relations of living beings with living beings and their relations with non-living beings. 20 students (42.6%) highlighted either their relations with living beings or their relations with non-living beings. 3 students (6.4%), on the other hand, gave no example for the relations in the ecosystem (Table  6 ). Most of the students focused on feeding relationships within the scope of living beings' relations with living beings. This relationship was mostly described as fishing and grassing as seen in 
Flow of energy
The last evaluation criterion was flow of energy in the ecosystem. As is seen in Figure 6 , only 8 students (17%) were able to give examples of food chain or food web including all living elements of the ecosystem. 53.2% of the students (25 students) left one of the living elements of the ecosystem out of the food chain or food web examples they gave. This element was mostly decomposers, as is seen in Figure 7 . 14 students (29.8%) did not put any emphasis on flow of energy in their worksheets (Table  7) . The examination of the living elements expressed by the students in their worksheets showed that plants, animals, and fungi were the living beings stated most for producers, consumers, and decomposers respectively (Table 8 ). In addition, the students had some misconceptions. For instance, soil, human beings, and animals were given as examples of producers; water and plants were given as examples of consumers; and minerals, plankton, and plants were given as examples of decomposers (Table 8) . 
Discussion and Conclusion
This study, which was conducted to determine the middle school students' levels of understanding, explaining, and expressing the concept of ecosystem, the elements of the ecosystem, and the relationships between these elements, shows that a great majority of the students construct the concept of ecosystem as a natural environment that has not been disrupted by negative human impact. Shepardson (2005), Lougland, Reid and Petocz (2002) , Shepardson et al. (2007) , Yavetz, Goldman and Pe'er (2014) , and Barraza (1999) conducted studies on various age groups and determined that students regard natural areas as environment, but do not consider the areas created or changed by people as environment. Brehm et al. (1986) stated that students think that the ecosystem includes only living beings. However, in the present study, as in Jordan et al. (2009) , the students were found to be aware of that the ecosystem includes both living and non-living beings, and there is an interaction between them. However, they have limited cognition of them. For example, while the students put a big emphasis on sun and temperature, which are two climatic elements of the ecosystem, in their worksheets, they laid just a small emphasis on precipitation and humidity. They did not make any mention of heat, light, and radiation. Soil and water, which are two non-climatic non-living beings, were featured by the students as part of the ecosystem. This outcome shows parallelism with the studies of Ürey et al. (2011) . Prokop et al. (2007) concluded that some students in the 11 to 12 age group regard living beings as the main elements of the ecosystem and think that non-living elements are less important than living beings.
The present study also revealed that the students had some misconceptions. For instance, some students thought that soil, human beings, and animals are producers in the food chain. These misconceptions may result from the daily life experiences of students such as people making agricultural production, plants reproducing on soil, and people obtaining products including milk from animals like cows or the daily life expressions such as "milk production" and "wheat production". There were also misconceptions that plants are consumers, and minerals, plankton, soil, etc. are decomposers. In parallel with this finding, Yörek et al. (2010) report that students attribute the function of decomposers to soil. Some studies reveal that there are misconceptions regarding the functions of the living beings in the ecosystem (Arkwringht, 2014; Munson, 1994; Palmer, 1999; Özkan et al., 2004) .
Most of the students stated producers, consumers, and decomposers as the living elements of the ecosystem. However, there were only few participants who were able to give a food chain example including producers, consumers, and decomposers. Although some students gave bacteria and fungi as examples of decomposers, they just left them out of the food chains or the food webs they created. Accordingly, it can be said that, as found in Argwringht (2014), Griffiths & Grant (1985) , Hogan (2000) , Özkan et al., (2004) , and Yörek et al. (2010) , some students do not have a complete understanding of the flow of energy in the ecosystem, and some others do not have a perfect comprehension of the function of decomposers in the ecosystem.
The research results indicate that the students are aware of the fact that different communities live together in the ecosystem. The students mostly emphasized feeding relationships for living beings' relations with living beings. They mostly touched upon the habitats of non-living beings for living beings' relations with non-living beings. However, the students may have failed to describe in picture that non-living elements affect living-beings. Adeneyi (1985) stated that students are not aware of the relations between the living and the non-living elements of the ecosystem and have a misconception that there are relations only between living-beings. Jordan et al. (2009) determined that most of the students participating in their study were able to express in picture only one of the relations in the ecosystem. Ürey et al. (2011) , put forward that some preservice teachers have difficulty in establishing the relationship between ecological events and facts. Additionally, the worksheets contained some human activities that change natural ecosystems such as creating parks and gardens and logging.
These results reveal that although the students are aware of the elements of the ecosystem individually, they have just limited cognition of the functions of the elements in the ecosystem and their interactions with one another. Ecosystems are complex systems and that makes it difficult for students to understand this concept deeply (Eilam, 2012; Grotzer, 2009; Hmelo-Silver, Marathe & Liu, 2007; Jordan et al., 2009) . In order to a deep understanding of concept of ecosystem, it is important for students to realize the close relation and look holistically to the ecosystems.
Implications
The fact that the students regard the ecosystem as natural environment not disrupted by negative human impact and consider only natural areas as environment is an important indicator of that students have cognition of that people have negative impacts on nature. That means an opportunity to deep the students' cognition of ecology. However, in doing so, not only the relationship between the conservation and the use of natural resources but also negative perception of the ecotechnological application should be taken into consideration during the teaching. Otherwise, each human activity about nature may be cognitively constructed by students as an activity disrupting the natural order.
Teachers should be aware of students' imperfect knowledge and misconceptions and deal with them precisely so that the ecological cognition of students is deepened meaningfully. Learning environments allowing students to perceive the ecosystem as a whole should be created. In addition, students should be made to comprehend that the ecosystem is a dynamic system, and any change in one of its elements affects the entire system. Relationships between these elements should be presented to students on the basis of cause and effects relationships by providing concrete examples from the daily life in a way clear to them. Real life-based activities such as documentaries and observations may be helpful in the teaching of food chain and food web, flow of energy, and relations in the ecosystem, which students are seen to have difficulty in understanding completely.
More detailed research may help to explain the relationship between students' cognitive levels and their perceptions regarding the ecosystem, its elements, their functions, and their positions in this integrated order.
Limitations
When the evaluation held away from the classic exam feelings, drawings are more useful evaluation tools that simply to carry out for the students. However, they have some limitations. For example, because of the limited space for drawings, students may not illustrate the some of the details (Prokop & Francovicava, 2006) . It will be difficult to explain some of the component and some relations of the ecosystem by drawings. For instance, humidity which is one of the climatic component or effects of temperature on organisms. Also, some students may not be keen on drawings. To reduce these limitations, we also asked questions related with their drawings in the worksheets. Furthermore, students who did not want to draw were allowed to explain his or her opinion by the help of a poetry or an essay. Interviewing with students may be one of the effective steps to reduce limitations for further research Even it was not held in this study.
